Abundant calcareous tempestites with chert and hummocky cross-stratification (HCS) occur in Upper Jurassic successions (Milanos Formation) of the Subbetic (Betic Cordillera, Southern Spain). These calcareous tempestite beds are calcisiltites and very fine calcarenites with peloids and bioclasts, and have thicknesses between 25 and 75 cm. Beds show symmetrical wave ripple lamination near the top, and are usually capped with wave ripples. According to palaeogeographic reconstructions, these strata were deposited in a subsiding trough in the pelagic domain of the Southern Iberian Continental Margin, which was the northwestern-most border of the Tethys. Calcisiltite and calcarenite beds deposited in this pelagic trough form small-scale to large-scale shallowing-upward cycles. Shallowing-upward cycles with calcareous tempestites in the lower part and oolitic limestone beds in the upper part, have also been recognized in some sectors of the Subbetic pelagic basin. The large-scale cycle occurs in the upper part of the Jarropa Radiolarite Formation, which directly underlies upper Oxfordian, Kimmeridgian and Tithonian strata of the Milanos Formation. Two types of large-scale shallowingupward cycles have been recognized, according to the presence or absence of thick units of oolitic limestone with large-scale cross-stratification. The water depth during deposition ranged from below, but near, storm wave base at the base of the large-scale cycles to very shallow carbonate platform at the top.
Introduction
Rifting of the continental margins of the Tethys caused the segmentation and fragmentation of large carbonate platforms and the beginning of widespread pelagic sedimentation. This occurred diachronously during the Early Jurassic or Liassic (Bernoulli and Jenkyns, 1974) . In the Subbetic region, the westernmost extreme of the northern margin of the Tethys, the fragmentation occurred during the Middle Liassic (García-Hernández et al., 1980 Vera, 1988) . The once contiguous margin was segmented into a series of localized subbasins bordered by extensional faults and separated by intrabasinal rises or swells. Variations in local accommodation space determined rates of accumulation. Interbasinal rises or swells were sites of very low rates of carbonate accumulation, whereas greater subsidence occurred in the troughs (grabens or half-grabens) where rates of accumulation were much higher. Molina et al. (1997) 
described Middle and Upper
Jurassic calcareous tempestites from a pelagic swell (External Subbetic) of this continental margin. They demonstrated that these strata were deposited below but near to the storm wave base during lowstand phases. This paper presents palaeobathymetric arguments about sedimentary rocks deposited in pelagic troughs, in a very different palaeogeographic context (Median Subbetic) from the pelagic swell (External Subbetic) studied in the previously cited paper . Shallowing-upward cycles, including some with prograding oolitic shoals at the top, are for the first time described in these pelagic troughs.
Although wide agreement exists on the general character of the Tethyan passive continental margins, little agreement exists on the palaeobathymetry of the synrift pelagic deposits. The absence of direct sedimentological or ecological depth criteria in certain of these units causes the interpretation to be poorly constrained. Some authors consider the radiolarite deposits (and radiolaritic facies), which appear mainly in the troughs, to be the deepest water facies deposited below the calcite compensation depth (CCD) (Bosellini and Winterer, 1975; Winterer and Bosellini, 1981; Ogg, 1981; Jenkyns and Winterer, 1982) . However they suggest that during the Middle-Late Jurassic the CCD in the Tethys would have been shallower than in most modern oceans, around 2100-2500 m. Others have questioned this interpretation (Geel et al., 1975; Jenkyns, 1986; Baumgartner, 1987; Vera, 1988; Farinacci, 1988; Colacicchi et al., 1988; Ruiz-Ortiz et al., 1988; Monaco, 1992; Santantonio, 1993) .
The Jurassic strata deposited on swells (also referred to as seamounts or pelagic carbonate platforms) from different alpine margins (Apennines, Betic, Alps, etc.) have features suggesting relatively shallow-water deposition. The 'pelagic' character may be due to the distance to a terrigenous clastic source (continent) and not to water depth.
The purpose of this work is to present sedimentological and stratigraphical criteria allowing us to infer the palaeobathymetry during the deposition in the pelagic troughs.
The studied strata occur in the Median Subbetic (Betic Cordillera, Southern Spain), primarily in the Milanos Formation (Kimmeridgian-Tithonian) which directly overlies the radiolarites and radiolaritic marl (Jarropa Radiolarite Formation) of Bathonian-Callovian-Oxfordian age. Strata in the uppermost part of the Jarropa Radiolarite Formation contain shallowing-upward cycles which are analysed to estimate their depositional bathymetry.
This shallow-water facies interpretation is consistent with previous interpretations from trough deposits of other Jurassic Alpine margins. In the Umbria-Marche Apennines (central Italy), Monaco (1992 Monaco ( , 1994 and Monaco et al. (1994) described HCS in shallowing-upward cycles in the Toarcian. In addition, Colacicchi et al. (1988) recognized hermatypic corals in radiolarite beds of CallovianOxfordian age (Calcari Diasprigni Formation, central Apennines, Italy) which led to the interpretation that the deposits formed in less than a few hundreds of metres water depth.
Geographical and geological setting
The study area is located in the south of Spain (Fig. 1) in the External Zones of the Betic Cordillera, which incorporate Triassic to Lower Miocene strata deposited on the Southern Iberian Continental Margin. These strata were folded and thrust during continental collision in the Burdigalian (Sanz de Galdeano and Vera, 1992) . The Southern Iberian Continental Margin was part of the Iberian Plate and was located along the Tethyan northwestern border during the Mesozoic.
In palinspastic reconstructions of this margin ( Fig. 2 ) two main palaeogeographic domains are distinguished: (a) Prebetic (1 and 2 in Fig. 2A, B) , in which tidal, coastal and platform facies predominate in the Jurassic and Cretaceous; and (b) Subbetic (3, 4, 5 and 6 in Fig. 2A, B) , in which pelagic facies from the upper Liassic predominate. The latter consisted of four minor-order palaeogeographic domains including two more subsided troughs (Intermediate Domain, 3 in Fig. 2A , B, and Median Subbetic, 5 in Fig. 2A , B) and two swells with condensed sections in the Upper Jurassic (External Subbetic, 4 in Fig. 2A , B, and Internal Subbetic, 6 in Fig. 2A, B) .
Jurassic successions analysed in this work are located in the Median Subbetic, which constituted a pelagic trough after the Upper Pliensbachian. The lowermost Jurassic unit of the Median Subbetic ( Fig. 2C) is the Gavilán Formation (Lower-Middle Liassic) which consists of carbonate deposited in a shallow-marine platform prior to initiation of rifting (García-Hernández et al., 1989) . The upper Liassic is represented by rhythmites of limestone and marl (Zegrí Formation), with beds of marly Rosso Ammonitico facies and abundant ammonites. The oldest part of Middle Jurassic age consists of a variety of facies, but cherty limestone and limestone-marl rhythmites, with locally thick intercalations of volcanic rocks, are predominant. The Bathonian, Callovian and Oxfordian comprise a very characteristic lithostratigraphic unit (Jarropa Radiolarite Formation, O'Dogherty et al., 1997) made up of lutite, marl and=or limestone rich in radiolaria and calcareous radiolarite.
The Milanos Formation is the youngest Jurassic unit (Kimmeridgian-Tithonian age) and is the main focus of this study. The overlying Carretero Formation is composed of limestone=marl rhythmites, rich in Lower Cretaceous ammonites. It contains a lower member (Berriasian age) of pink-violet limestone and marl with turbiditic calcirudite and calcarenite beds.
The upper part of the Jarropa Radiolarite Formation and the Milanos Formation crop out widely in the Median Subbetic (Fig. 1) . In most cases the tectonic deformation and intense cultivation make good stratigraphic sections extremely difficult to find. The most continuous stratigraphic sections of the Milanos Formation are found in the localities 1 and 7 (Fig. 1) , approximately 50 km apart. Numerous incomplete sections and local observations indicate that the Milanos Formation extends at least 75 km in the direction of elongation of the basin, which is coincident with structural alignments (WSW-ENE). Perpendicular to these structures, the present width of exposure of the Milanos Formation (and underlying Jarropa Radiolarite Formation) is 10 km, which according to the estimated shortening in the palinspastic reconstructions would be equivalent to 20-25 km during deposition.
Facies
Six lithofacies are recognized in these stratigraphic sections and localities. The main features and stratigraphic distribution of these facies are described below.
Facies 1: red siliceous marl and claystone. This is the dominant facies in the upper member of the Jarropa Radiolarite Formation. This facies consists of calcareous radiolarite and siliceous limestone (wackestone) with abundant radiolaria and small bivalve fragments ('filaments') in beds several centimetres thick. The radiolaria are generally calcitereplaced. Chert occurs in beds and nodules within the limestone.
Facies 2: red siliceous marl and claystone with hummocky cross-stratified calcisiltite and calcarenite. This facies is similar to Facies 1, but it contains calcarenite and, mainly, calcisiltite beds that are found in beds up to 10 cm thick. This facies occurs in the upper member of the Jarropa Radiolarite Formation in some localities (5, 6 and 8 in Fig. 1 ). Calcisiltite beds are composed of alternating peloidrich laminae and 'filaments'-rich laminae. Internal sedimentary structures include small-scale HCS and symmetrical wave ripple lamination. Commonly the base of these beds are flat and the tops are wavy. The calcisiltite and calcarenite beds are relatively tabular and their thickness is uniform. Facies 3: grey micritic limestone and marl (rhythmite) . This is the predominant facies in the Milanos Formation and it is composed of a rhythmite of limestone (mudstone and wackestone) and marl, with rhythms, 30 cm to 100 cm thick. These are defined by marl-rich and limestone-rich intervals several metres thick . The limestone contains 'filaments', Saccocoma, other small bioclasts (mainly sponge spicula), radiolaria, and bedded and nodular chert. Burrows are present, some of which contain Fe-oxides and small crystals of euhedral dolomite.
Facies 4: calcirudites. This facies is interbedded with facies 3, mainly in the lower part of the Milanos Formation. The calciruditic beds represent less than 2% of the total thickness of the Milanos Formation in the stratigraphic sections studied. Grain size in this facies ranges from 2 mm to 1 cm. Beds are 5-30 thick and are composed of ooids (some of them broken), intraclasts (mainly mudstone with 'filaments' and peloidal grainstone), bioclasts (mainly Aptychus and bryozoans), peloids, and foraminifera (Trocholina elongata LEUPOLD and BIGLER, Valvulina conica PARKER and JONES, and miliolids). The bottoms and tops of the beds are flat.
Facies 5: calcisiltites and calcarenites with HCS. This lithofacies is mainly composed of calcisiltite and less abundant very fine-grained calcarenites, with non-skeletal grains including peloids, ooids, oncoids and intraclasts ( Fig. 6A and D) and skele- (Fig. 6D) , calcareous algae, foraminifera and crinoids. The calcareous algae include Clypeina jurassica FAVRE (Fig. 6C) , Thaumatoporella parvovesiculifera RAINIERI, Salpingoporella annulata PIA and Cayeuxia. Foraminifera include Nautiloculina oolithica MOHLER, Trocholina elongata LE-UPOLD and BIGLER, Valvulina conica PARKER and JONES, Lentiloculina, Ophtalmidium, Quinqueloculina, Pfenderina and Spirillina. Micrite matrix is in some cases difficult to differentiate from peloids or micritic intraclasts. The cement is mainly syntaxial rim cement around the remains of Saccocoma or other bioclasts. Lamination is defined by differences in abundance of grains (mainly peloids), matrix and cement and the parallel orientation of elongate bioclasts (Fig. 6A) . These calcisiltite and calcarenite beds generally contain chert as stratiform layers or nodules, and fibrous chalcedonite in spherulites. Bed thickness varies from 10 cm to 1 m, with an average between 20 and 30 cm. Sedimentary structures include: parallel lamination, wave ripples, and=or HCS similar to that described for ancient storm layers (e.g., Dott and Bourgeois, 1982; Aigner, 1985; Cheel and Leckie, 1993) . The bottom of the beds are typically flat, and in some cases contain flute and bounce casts indicating palaeocurrents towards 250-280º. Locally gutter casts and pot casts occur on the bottom of some beds. Many calcisiltite and calcarenite beds are capped by symmetrical wave ripples, in which wavelengths (L) vary from 35 to 60 cm and heights (H) vary from 3.5 to 6 cm. Vertical form indices (L=H) are close to 10. One bed with convolute lamination was observed.
Facies 6: oolitic and peloidal limestone. This facies is restricted to the upper part of the Milanos Formation in localities 7 and 8. Oolitic and peletoidal grainstone units (Fig. 6B , C, E) range in thickness from 0.5 m to 5 m. The ooids are clearly of bahamian type with radial and tangential structures (Fig. 6B, C, E) . The remaining clast types include oncoids, calcareous algae, crinoids, and shallowwater foraminifera (like those described in facies 5) including Protopeneroplis striata WEYNSCHENK (Fig. 6B) . This assemblage argues for a very shallow origin. Some of these oolitic beds contain large-scale tabular and trough cross-stratification which record palaeocurrent directions towards N170-220º.
Palaeoenvironmental interpretation
Facies 1 and 2. Facies 1 is a typical pelagic facies, that lacks palaeobathymetrically diagnostic features. The fossils (radiolarian and 'filaments') can occur in sediments from a wide range of water depths. The lack of internal sedimentary structures and fine grain size suggests that the deposition was by pelagic settling. The stratigraphic transition into facies 2 with facies 1 in some outcrops is gradational and important for palaeobathymetric interpretation. Calcarenite and calcisiltite beds with HCS and wave ripples are interpreted as distal storm layers and indicate an environment episodically affected by storms and not very far from the storm wave base. This factor indicates that facies 1 was deposited below (but very close to) the storm wave base, whereas facies 2 was deposited above the storm wave base. The bathymetry of this wave base is highly variable, mainly depending on the kind of basin and energy of the storms, but normally is less 50 m and exceptionally less than 200 m (e.g., Brenchley, 1989; Cheel and Leckie, 1993; Monaco, 1994) .
Facies 3. The grey marl and micritic limestone rhythmites (facies 3) are the main component of the Milanos Formation. The marl=limestone ratio is higher in the lower part of this formation and gradually decreases towards the top of the formation. Facies 3 corresponds to a typical limestone-marl rhythmite of the pelagic (mainly hemipelagic) envi- ronment. The pelagic character is deduced from the micritic texture and microfacies criteria. Between the skeletal grains bivalve sections ('filaments'), sponge spicules and Saccocoma are dominant. These fossils and bioclasts have been considered the typical expression of a Jurassic Tethyan pelagic environment (e.g. Bernoulli and Jenkyns, 1974) (Milsom, 1994) as benthic crinoid, but no bathymetric significance has been established.
Facies 4. Calcirudite beds are interpreted as distal calcareous turbidites based on: (1) their anomalous grain size (rudite) in relation to surrounding beds of interbedded sediments, and (2) the presence of mixed of pelagic (Aptychus) and shallow-water (ooids) components.
Facies 5. Calcisiltite and calcarenite beds with HCS ( Fig. 7) are considered storm layers. They show a grain size similar to calcareous tempestites of different ages and locations (e.g., Kreisa, 1981; Aigner, 1982 Aigner, , 1985 Wu, 1982; Wright, 1986; Monaco, 1992 Monaco, , 1994 Jennette and Pryor, 1993; Molina et al., 1997) . The dominant allochems are peloids, ooids, oncoids, intraclasts and bioclasts which indicate a very shallow marine deposition. Some beds contain gutter casts that protrude 5 to 8 cm from the bottom of the beds and generally have rectilinear shapes. A few centimetre-scale button-shaped features are considered pot casts. Gutter casts are generally indicated as diagnostic of storm-deposited beds (Kreisa, 1981; Leckie and Krystinik, 1989; Cheel and Leckie, 1993) . Myrow (1992) believes that gutter and pot casts are particularly abundant in lithofacies from nearshore zones characterized by erosion and sediment bypass during storm emplacement of sand. Individual beds have vertical organization typified by a massive division (rarely with graded bedding), a second division with parallel lamination, a third with hummocky cross-stratification (HCS), and a fourth with symmetrical wave ripple cross-laminae that cap the beds (Fig. 7C ). This organization is very similar to the one described for idealized tempestites by Walker et al. (1983) ; Leckie and Krystinik (1989) , and Myrow and Southard (1991) . Internal amalgamation surfaces are rare, suggesting single-event beds and relatively distal storm deposition (Walker, 1984) .
HCS in this study have wavelengths ranging from 0.1 m to 10 m. The largest occurs in locality 5 (Fig. 1) and has a wavelength of nearly 10 m and a height up to 1 m. The most frequent values of wavelengths range between 0.3 m and 0.7 m, and heights vary from 3 cm to 10 cm. Analogous values are recognized in HCS from calcareous tempestites (Wu, 1982; Haines, 1988; Galli, 1989; Molina et al., 1997) . According to Sherman and Greenwood (1989, p. 985) "there is no apparent physical rationale for the 1 m lower limit on HCS wavelength" and the genetic interpretation of the HCS can also be applied to those with wavelengths lower than 1 m. HCS is a main criterion for recognizing storm deposits from shallow-marine sedimentary environments (cf. Walker, 1984; Duke, 1985; Leckie and Krystinik, 1989; Brenchley, 1989; Duke et al., 1991; Cheel and Leckie, 1993) .
Rare Thalassinoides trace fossils occur in some calcareous tempestite beds. Ekdale et al. (1984) ; Aigner (1985) ; Frey (1990) and Monaco (1994 Monaco ( , 1995 , for instance, note that these biogenic structures are common in proximal tempestites. The unlined vertical trace fossils appear to correspond to vertical escape tubes formed by organisms that were suddenly buried during a storm event (Frey, 1990; Cheel and Leckie, 1993) . Two-dimensional (2D) symmetrical wave ripples occur over the division of wave ripple lamination (Fig. 7C ) in many calcisiltitic and calcarenitic beds. These wave ripples have wave lengths (L) between 35-65 cm and heights (H) from 3.5 cm to 6 cm, hence a vertical form index (L=H) approximately equal to 10.
Palaeocurrents from flute, crescent and prod casts, and parting lineations, indicate transport approximately perpendicular to the crests of the symmetrical wave ripples found on the top of the same beds. According to Myrow and Southard (1996) , this indicates that the early phases of deposition of these beds were dominated by unidirectional flows.
HCS is generally considered diagnostic of deposition between fairweather wave base and storm wave base. Using the carbonate ramp model of Burchette and Wright (1992) these beds would have been deposited in the mid-ramp (with frequent reworking by storm waves) and outer ramp (characterized by mudstone deposition and few storm beds). Various authors (Aigner, 1985; Monaco, 1992 Monaco, , 1994 Molina et al., 1997) have presented criteria to differentiate proximal and distal calcareous tempestites. Distal calcareous tempestites are characterized by thinner beds (less 30 cm thick), rare amalgamation surfaces, lack of basal lags, and parallel lamination in their lower part and HCS in the rest. The majority of beds in this study are relatively distal in nature.
Facies 6. The allochems and sedimentary structures indicate that facies 6 (oolitic limestone) is shallow-water oolitic carbonate deposits and not the 'pelagic oolites' referred to by Bernoulli and Jenkyns (1974) . The ooids are of clearly bahamian type (Fig. 6B, C, E) , with well developed tangential and radial structures and without the characteristics of pelagic ooids (mainly smaller, with a micritic texture characterized by dark cryptocrystalline layers without preferred crystal orientation). In addition the planar and=or trough, large-scale cross-stratification indicates deposition by migrating marine carbonate dunes deposited in shoals. The skeletal grains and fossils are also typical of very shallow environments. For instance hydrozoans such as Ellipsactinidae (Fig. 6D ) are common in shelf and shelf-margin carbonate, especially in reef and lagoonal environments (Flügel, 1978) .
Vertical transitions between calcisiltite and calcarenite beds with HCS (facies 5) and oolitic grainstone beds (facies 6) have been recognized in different models proposed by Aigner (1984) ; Wright (1986); Faulkner (1988) and Galli (1989) .
Shallowing-upward cycles
From the study of the facies, their genetic interpretations, and their distribution into the stratigraphic sections, we recognize cycles of various orders. Shallowing-upward cycles, including the cycles related with prograding oolitic shoals, are dominant. Three types shallowing-upward cycles are defined according to thicknesses and facies associations. 
Small-scale cycles
These are thickening-upward cycles 2-8 m thick (Figs. 3, 5 and 8 ). There are two sub-types according to the involved facies. The first sub-type (a in Fig. 8 ) is composed of facies 5 (calcareous tempestites) interbedded with facies 3 (marl=limestone rhythmite) and it is mainly 2-5 m thick. Typical cycles contain 3-5 calcareous tempestite beds which range from 10-15 cm in thickness near the bottom to 40-70 cm near the top. Tempestite bed thickness is considered a proximality index, as described by Aigner (1985) for the Upper Muschelkalk of the Southern Germany Basin. The second sub-type (the small cycles within interval b in Fig. 8B ) is composed of facies 5 (calcareous tempestites, mainly proximal) and facies 6 (oolitic limestones) formed by oolitic shoal prograding in a marine environment of very shallow water. The thickness of this second sub-type ranges from 3 m to 8 m and the facies 6=facies 5 relation normally becomes more dominant towards the top of the Milanos Formation.
Medium-scale cycles
These are composite cycles that range from 10 m to 15 m in thickness. They are coarsening-upward and thickening-upward cycles formed by several of the small-scale cycles shown to the left of columns A and B in Fig. 8 . Three sub-types can be distinguished according to the facies associations. The first sub-type consists of several small-cycles of facies 5 interbedded in facies 3, forming thickening-upward cycles with increase of facies 5 towards the top (col. A in Fig. 8 ). The second sub-type is a composite cycle of facies 5 and facies 6 (b in Fig. 8) . A third sub-type, not shown in Fig. 8 , contains facies 3, facies 5 and facies 6. In the second and third sub-types the medium-scale cycles are composed of several successive coarsening-upward cycles, forming thickening-upward cycles with a progressive increase in facies 6 (oolitic limestones), indicating the superposition of several successive episodes of shoal progradation.
Large-scale cycle
This cycle is also shallowing-upward and comprises the whole of the studied stratigraphic interval (uppermost Oxfordian-Kimmeridgian-Tithonian), with a duration of 10-12 Ma and a total thickness of 100-140 m (c in Fig. 8 ). This cycle corresponds to a second order or supercycle (cf. Miall, 1997) . The bottom of this supercycle shows, in all localities, the radiolarite facies and the top shows either proximal tempestites (Fig. 8A ) or oolitic limestone (Fig. 8B) , indicating, in both cases, a progressive decreasing of palaeobathymetry, from a few hundreds metres to the most shallow environment. For distal deposits in which tempestites occur at the top of the supercycle (Fig. 8A) , the final bathymetry could be near storm wave base. In proximal deposits in which the oolitic facies appear at the top of the supercycle (Fig. 8B) , the final bathymetry could be a few metres.
The large-scale shallowing-upward cycle here recognized (uppermost Oxfordian-KimmeridgianTithonian) coincides with the fourth-order megasequence established by García-Hernández et al. (1989) in the sequence stratigraphic framework of the Jurassic filling in the Subbetic basin, which shows lower and upper boundaries marked by two important stratigraphic discontinuities. The median-and small-scale cycles recognized in the stratigraphic sections here studied vary in number from different localities possibly because the genesis from these minor cycles is mainly controlled by local tectonic factors.
Discussion
The distinction between tempestites and turbidites is difficult, particularly in their distal expressions. Previously tempestites were often mistaken for turbidites, mainly because their characteristics were not sufficiently recognized by many geologists . This is the case for some of the storm layers analysed in this work, which were previously interpreted as carbonate turbidite deposits (Ruiz-Ortiz and Vera, 1979) . These latter authors considered these beds enigmatic because they indicated simultaneously proximal and distal settings. The presence of clear calcareous turbidites (calcirudites and calcarenites with the Bouma sequence) of the same age, in another palaeogeographic domain along the same margin, were the criteria which prompted these authors to interpret some calcarenitic and calcisiltitic beds with parallel lamination as turbidites. reviewed the diagnostic criteria for differentiating tempestites and turbidites. Current ripples and convolute lamination are both abundant in turbidites and rare, or less common, in tempestites. Symmetrical wave ripples, wave ripple cross-lamination, HCS, and gutter casts, are all common in tempestites and generally absent in turbidites. Applying these criteria, the beds in the Milanos Formation are clearly tempestites, based on the presence of symmetrical wave ripples, HCS, and gutter casts.
In palaeogeographic reconstructions for the western border of the Tethys during the Kimmeridgian and the Tithonian estimates of palaeolatitude are 22ºN and 26ºN, respectively. In these palaeolatitudes and palaeogeographic locations (eastern margin of the continent) conditions were optimum for tropical storms and hurricanes, and therefore tempestite deposition (Duke, 1985 (Duke, , 1987 .
Calcareous tempestites intercalated with pelagic deposits have been recognized in other Alpine continental margins of the Mediterranean area (Monaco, 1992 (Monaco, , 1994 (Monaco, , 1995 Monaco et al., 1994) . In these cases they occur stratigraphically above turbiditic beds (Monaco, 1992 (Monaco, , 1994 . In stratigraphic sections here studied from the Subbetic basin, we have recognized some thin beds of calcareous turbidites (facies 4) which would have been deposited in the deeper part of the platform, below storm wave base and in genetic relation with calcareous tempestites according to the model of Monaco (1994) . Prave and Duke (1990) described small-scale HCS in calciclastic turbidites with overlying and underlying parallel lamination and flat tops. They Table 1 Criteria for distinguishing calciclastic beds from steep and gentle (ramp) carbonate platforms, elaborated by the authors from the analysed outcrops in this paper and from the literature (data mainly from Wright, 1992, and Wright and Burchette, 1996) interpret the "small-scale HCS as a form of antidune stratification generated by standing waves along the interface of a thinner, denser underflow and an overlying thicker, low-density layer" and considered that "this occurrence is not indicative of a particular flow condition or depositional environment". In the materials studied herein only some beds could possibly be attributed to a similar origin. The presence of abundant beds with symmetrical wave ripples on the top, stratigraphic associations which thick beds of oolitic limestones with large scale cross-bedding, and the presence of mega-scale HCS in some outcrops cannot be explained by the mechanism proposed by Prave and Duke (1990) . Table 1 summarizes the main criteria for distinguishing steep carbonate platforms from ramps. According to these criteria the studied strata are associated with a gentle carbonate ramp. Most evident of these criteria is that: (1) tempestites are common and turbidites are rare or absent; (2) there are locally stratigraphic transitions into oolite shoal deposits; and (3) HCS, symmetrical wave ripples, and gutter casts, are common.
Depositional model
A gentle carbonate platform (or carbonate ramp) can be formed along a continental margin that in the rifting phase shows a sea bottom topography with troughs (grabens or half-grabens) and swells (tectonic horsts), when the accumulation rate was far greater than the subsidence rate and the sedimentary fill was sufficient to level the sea floor. The large-scale shallowing-upward cycle (uppermost Oxfordian-Kimmeridgian-Tithonian) here studied is the expression of the prolonged relative sea level fall causing the filling of the pelagic trough and the levelling of the sea bed.
From the calcisiltite and calcarenite beds of the Milanos Formation, a depositional model (Fig. 9) is proposed, in which a lateral relation occurs between proximal oolitic limestone with large-scale crossstratification, to proximal calcareous tempestites, to distal calcareous tempestites and finally to calcareous turbidites across a carbonate ramp. Examples of stratigraphic transitions between carbonate tempestites and turbidites were described in the Lower Jurassic from the Apennines (Monaco, 1992 (Monaco, , 1994 .
All the available data support an interpretation in which deposition of the Milanos Formation and the uppermost part of the underlying Jarropa Radiolarite Formation occurred in the outer part of a carbonate ramp, according to the classification of Burchette and Wright (1992) . In this context it is unlikely that the deposition of the radiolarites owed its origin to the CCD, because it would be necessary to accept abrupt changes in water depth of more than 2000 m. Lower values of water depth (few hundreds of metres) are probably more appropriate, similar to the views of other authors, such as Geel et al. (1975) and Seyfried (1979) , who considered that the Subbetic radiolarites represent deposition in a central trough isolated from the rest of the pelagic environment by surrounding swells which may have been episodically emergent. Farinacci (1988) relates the deposition of the radiolarites in the Apennines to changes in the chemistry of the water controlled by volcanic phenomena and not to depth. The presence of intercalated calcisiltites with HCS in the upper part of Jarropa Radiolarite Formation in some sections is an argument in favour of a gradual change in depth between the deposition of the radiolaritic facies and the overlying Milanos Formation.
Conclusions
The calcarenite and calcisiltite beds of the Milanos Formation (Kimmeridgian-Tithonian) are interpreted as storm deposits, mainly based on the presence of hummocky cross-stratification (HCS) and symmetrical wave ripples. These beds were deposited in a gentle carbonate ramp, below fairweather wave base. This is thought to be the expression of deposition in the deeper areas of a marine platform or outer ramp, in which only the waves generated by the strongest storms would affect the bottom.
These calcareous tempestite beds form thickening-upward cycles, 2-5 m in thickness, which are interpreted as shallowing-upward cycles formed during a long-term fall in relative sea level.
Thicker, 5-10 m shallowing-upward cycles, composed of small-scale cycles including oolitic limestone formed by shoal prograding, have been recognized in several stratigraphic sections into the Milanos Formation (Kimmeridgian-Tithonian). These cycles are composed of thick oolitic limestone units and are interpreted as shallowing-upward cycles in which the palaeobathymetry range from storm wave base to shallower parts of platform, above fairweather wave base.
A large-scale shallowing-upward cycle that includes the radiolaritic facies (upper part of the Jarropa Radiolarite Formation) at the base, and thick calcareous tempestites or oolitic limestone units at the top, indicates a long time interval (upper Oxfordian-Kimmeridgian-Tithonian) . This is the first time that shallowing-upward cycles, including calcareous tempestites and, locally also, oolitic limestones, have been recognized in the Upper Jurassic carbonate rocks deposited in a pelagic trough of the Southern Iberian Continental Palaeomargin. Previously, calcareous tempestites had been described in a pelagic swell of this continental margin, consequently in a very different palaeogeographic context.
All the arguments support an interpretation of the continental margin evolution in which, after the rifting phase and during a great part of the Jurassic and Early Cretaceous, the pelagic sediment was deposited in areas far from the continent, but in moderate depth, in which some sectors (including pelagic troughs) were in an outer ramp, with palaeobathymetry ranging from a depth nearly to the storm wave base to shallower parts of the ramp (locally with oolitic shoals). This model could be applied to other passive continental margins in the mediterranean alpine domain, for the same interval of time.
